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00 (57) Abstract: A wind powered generator (i) for locating oft^hore comprises a semi -submersible structure (5) with a mast (6) 



ID 



extending upwardly therefrom for canying a wind turbine (3). A primary buoyancy chamber (16) is Formed in the semi-submersible 
structure (5), and a primar\' anchor cable (23) is secured to the semi -submersible structure (5) in the primary buoyancy chamber (16) 
by a pnmar)' connecting bracket (22). The primary' anchor cable (23) extends directly downwardly to a primary anchorage (24) in 
the sea bed (25) for anchoring the semi -submersible stiucture (5). Additionally, a winching mechanism (not shown) is provided tor 
wincliing the scmi-submersible struciuir (5) downwardly on the primary anchor cable (23) in the water against the upward buoyancy 
force acting on the semi-submersible structure (5) tor raising the centre of tlotaiion of the semi-submersible structure (5), for in 
turn increasing the righting moment acting on the semi-submersible structure for returning the semi-submersible structure (5) to its 
equilibrium notation state in the event of the semi-submersible siiiiciure (5) tilting from the vertical. 
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FLOATING STRUCTURE FOR MOUNTING A WIND TURBINE OFFSHORE 



The present invention relates to a floatable structure for mounting a wind turbine 
5 offshore, and the invention also relates to a method for mounting a wind turbine 
offshore and to a wind farm containing wind turbines mounted offshore. 

With the ever increasing cost of fossil fuels and the attendant environmental damage 
resulting from energy generation from fossil fuels, and the potential danger 

10 associated with generation of energy from nuclear power, it is desirable that 
increasingly higher proportions of energy be generated from renewable energy 
sources. Wind being one of the primary renewable energy sources, it is desirable 
that maximum utilisation should be made of wind energy in the generation of 
electricity and other forms of energy. However, wind powered generators suffer from 

15 a number of disadvantages. In general, wind powered generators comprise a mast 
with a wind turbine mounted on top thereof. The wind energy may be converted 
directly to electricity by the wind turbine at the top of the mast, or alternatively, a 
drive transmission arrangement may be provided within the core of the mast for 
transmitting drive from the wind turbine to a electricity generator located at the 

20 bottom or towards the bottom of the mast. Typically, such wind turbines are 

horizontal axis turbines, and in order to efficiently capture sufficient energy from the 
wind, in general, are provided with relatively long blades. Because of the relative 
length of the turbine blades, and furthermore, the need to locate the turbine blades in 
an uninterrupted air stream, such turbines are generally mounted on top of relatively 

25 high masts. Such masts tend to be relatively unsightly, and are particularly unsightly 
when a plurality of such masts with their corresponding wind turbines are mounted 
relatively closely together in what is typically referred to as a wind farm. As well as 
being relatively unsightly, wind turbines tend to create a significant amount of noise. 
This is undesirable. Accordingly, such wind turbines are unsuitable for mounting 

30 adjacent centres of population, and because of their relatively undesirable 

appearance, are unsuitable for mounting in remote areas, which, in general, tend to 
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be beauty spots. 

Attempts to locate such wind turbines, and indeed, famns of wind turbines offshore 
have been made, however, due to the relatively hazardous environment in offshore 

5 locations, the location of wind farms offshore so far have had limited success. In 
general, wind turbines which are located offshore are mounted on top of a mast 
which is secured in the sea bed and extends upwardly therefrom. Thus, because 
the mast extends upwardly from the sea bed, such constructions of wind turbines 
and masts are suitable only for relatively shallow waters, which in general are found 

10 only relatively close to the shore. In general, shorelines are considered to be high 
amenity areas, and thus, in general, the siting of wind turbines relatively close to the 
shore is not desirable, and in general, is not permissible. Furthermore, wind speeds 
and direction tend to fluctuate more relatively close to the shoreline, than well out 
from the shoreline, for example, in relatively deep waters. Thus, for the above 

15 reasons, known methods for locating wind turbines offshore in general are 
unsatisfactory. 

There is therefore a need for a floatable structure which is suitable for locating a 
wind turbine offshore. There is also a need for a method for locating a wind turbine 
20 offshore, as is there a need for an offshore wind farm. 

. The present invention is directed towards providing such a floatable structure, a 
method for locating a wind turbine offshore and a wind fami. 

25 According to the invention there is provided a method for locating a wind turbine 
offshore characterised in that the method comprises the steps of locating the wind 
turbine on a mast extending upwardly from a floatable semi-submersible structure, 
anchoring the semi-submersible structure by a primary ligature extending in a 
generally downwardly direction from the semi-submersible structure, and urging the 

30 semi-submersible structure downwardly in the water by the primary ligature below its 
normal flotation level against an upwardly directed buoyancy force acting on the 
semi-submersible structure for raising the centre of flotation of the semi-submersible 
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structure for in turn increasing the righting moment acting on the semi-submersible 
structure for returning the semi-submersible structure to its equilibrium flotation state. 

In one embodiment of the invention the semi-submersible structure is anchored by 
5 the primary ligature to a primary anchorage in the sea bed. 

In another embodiment of the invention the semi-submersible structure defines a 
main central geometric axis, which extends vertically when the semi-submersible 
structure is in its equilibrium flotation state, and the primary ligature is connected to 
10 the semi-submersible structure on the main central axis. Preferably, the primary 
ligature coincides with the main central axis of the semi-submersible structure. 
Advantageously, the semi-submersible structure is urged downwardly by the primary 
ligature so that the centre of flotation is above the centre of gravity of the semi- 
submersible structure, 

15 

In one embodiment of the invention the semi-submersible structure is urged 
downwardly by the primary ligature so that the centre of flotation is above the centre 
of gravity of the combined semi-submersible structure, the mast and the wind 
turbine. Preferably, the semi-submersible structure is urged downwardly by the 

20 primary ligature so that the relative position of the centre of flotation and the centre 
of gravity is such as to provide a sufficient righting moment acting through the centre 
of flotation for returning the semi-submersible structure to its equilibrium flotation 
state. Advantageously, the semi-submersible structure is urged downwardly by the 
primary ligature so that the righting moment acting through the centre of flotation for 

25 returning the semi-submersible structure to its equilibrium flotation state is sufficient 
for returning the semi-submersible structure to its equilibrium state on the semi- 
submersible structure tilting to an extent that the main central axis of the semi- 
submersible structure falls outside a vertically extending cone angle not greater than 
12'. Preferably, the cone angle does not exceed 8'. Ideally, the cone angle does 

30 not exceed 5"*. 



In one embodiment of the invention the semi-submersible structure is urged 
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downwardly by the primary ligature so that the point of connection at which the 
primary ligature is connected to the semi-submersible structure lies between the 
centre of flotation and the centre of gravity of the semi-submersible structure. 

5 In another embodiment of the invention the semi-submersible structure is further 
anchored by a plurality of secondary ligatures extending in a generally downwardly 
direction from the semi-submersible structure for limiting movement of the semi- 
submersible structure from its equilibrium flotation state, the secondary ligatures 
being spaced apart circumferentially around and radially from the main central axis. 

10 Preferably, the secondary ligatures are equi-spaced apart circumferentially around 
the main central axis. 

In one embodiment of the invention each secondary ligature is anchored to the sea 
bed by a corresponding secondary anchorage. 

15 

In another embodiment of the invention each secondary ligature is resiliently 
connected to one of the semi-submersible structure and the sea bed for damping 
movement of the semi-submersible structure from its equilibrium flotation state. 
Preferably, each secondary ligature is resiliently connected to the semi-submersible 
20 structure. 

In one embodiment of the invention at least three secondary ligatures are provided. 
Preferably, at least four secondary ligatures are provided. 

25 In one embodiment of the invention the secondary ligatures are connected to the 
semi-submersible structure at connection points on a common pitch circle. 
Preferably, the secondary ligatures are connected to the semi-submersible structure 
adjacent a periphery thereof. Advantageously, the secondary ligatures are 
connected to the semi-submersible structure adjacent an outer periphery thereof. 



30 



In a further embodiment of the invention the semi-submersible structure is further 
anchored by a plurality of auxiliary ligatures connected to the semi-submersible 




wo 02/10589 



PCT/IEO 1/00097 



5 



10 



15 



20 



25 



structure at locations spaced apart circumferentially around the main central axis, 
the respective auxiliary ligatures extending in a generally downwardly, radially 
outwardly direction of the semi-submersible structure. 

In another embodiment of the invention the respective auxiliary ligatures are 
connected to the semi-submersible structure at equi-spaced apart auxiliary locations 
circumferentially around the main central axis. 

In one embodiment of the invention each auxiliary ligature extends downwardly, 
radially outwardly from the semi-submersible structure at an angle to the vertical in 
the range of 1° to 89" and continues in a cathenary towards a corresponding radially 
outwardly spaced apart auxiliary anchorage in the sea bed spaced apart radially 
outwardly from the primary anchorage. Preferably, each auxiliary ligature extends 
downwardly, radially outwardly from the semi-submersible structure at an angle to 
the vertical in the range of 60° to 80°. Ideally, each auxiliary ligature extends 
downwardly, radially outwardly from the semi-submersible structure at an angle to 
the vertical of approximately 70^ 

In one embodiment of the invention the auxiliary ligatures are connected to the semi- 
submersible structure at connection points on a common pitch circle. 
Advantageously, the auxiliary ligatures are connected to the semi-submersible 
structure adjacent a periphery thereof. Preferably, the auxiliary ligatures are 
connected to the semi-submersible structure adjacent an outer periphery thereof. 

In one embodiment of the invention a primary buoyancy chamber is located in the 
semi-submersible structure, the primary buoyancy chamber defining a central 
geometric axis coinciding with the main central axis of the semi-submersible 
structure. Preferably, the primary ligature extends into the primary buoyancy 
chamber and is connected to the semi-submersible structure within the primary 
buoyancy chamber. Advantageously, a communicating opening is provided in the 
bottom of the semi-submersible structure to the primary buoyancy chamber for 
accommodating the primary ligature into the primary buoyancy chamber. Ideally, the 
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primary ligature is connected to the semi-submersible structure in the primary 
buoyancy chamber at the top dead centre of the primary buoyancy chamber. 

In one embodiment of the invention compressed air is pumped Into the primary 
buoyancy chamber for expelling water therefrom through the communicating 
opening for increasing the buoyancy of the semi-submersible structure. 

In another embodiment of the invention ballast is applied to the semi-submersible 
structure for ballasting the semi-submersible structure. Preferably, the ballast is 
applied to the lower end of the semi-submersible structure. Advantageously, the 
ballast is applied circumferentialiy around the main central axis. Ideally, the ballast 
is radially spaced apart from the main central axis. 

In one embodiment of the invention the mast defines a geometric central axis, and is 
mounted on the semi-submersible structure with its central axis coinciding with the 
central axis of the semi-submersible structure. In another embodiment of the 
invention the turbine is mounted on top of the mast. In one embodiment of the 
invention the turbine is a horizontal axis turbine. Alternatively, the turbine is a 
vertical axis turbine. 

In one embodiment of the invention the turbine drives an electrical generator for 
generating electricity. Preferably, the electrical generator is located adjacent the 
turbine. Advantageously, the electrical generator is located in the semi-submersible 
structure, and a drive transmission means is provided between the turbine and the 
electrical generator. 

Additionally the invention provides a floatable structure for carrying and locating a 
wind turbine offshore, the floatable structure comprising a semi-submersible 
structure having a primary buoyancy chamber, and comprising a mounting means 
located thereon for mounting a mast extending upwardly therefrom for carrying the 
wind turbine thereon, and a primary connecting means for connecting a primary 
ligature to the semi-submersible structure with the primary ligature extending in a 
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generally downwardly direction therefrom for anchoring the semi-submersible 
structure and for urging the semi-submersible structure downwardly in the water 
against an upwardly directed buoyancy force acting thereon for raising the centre of 
flotation of the semi-submersible structure for in turn increasing the righting moment 
5 acting on the semi-submersible stnjcture for returning the semi-submersible 
structure to its equilibrium flotation state. 

In one embodiment of the invention the semi-submersible structure defines a main 
central geometric axis which extends vertically when the semi-submersible structure 
10 is in its equilibrium flotation state, and the primary connecting means is located on 
the main central axis of the semi-submersible structure. 

In another embodiment of the invention the primary connecting means connects the 
primary ligature to the semi-submersible structure to extend in a generally 
15 downwardly direction to a primary anchorage in the sea bed. 

In another embodiment of the invention the centre of gravity of the semi-submersible 
structure is located so that when the semi-submersible structure is urged 
downwardly by the primary ligature the centre of flotation is above the centre of 
20 gravity. 

In another embodiment of the invention the centre of gravity of the semi-submersible 
structure is below the centre of flotation of the semi-submersible structure when the 
semi-submersible structure is freely floating. 



Preferably, the centre of gravity and the centre of flotation of the semi-submersible 
structure lie on the main central axis of the semi-submersible structure. 



25 



30 



Advantageously, the primary connecting means is located intermediate the centre of 
gravity and the centre of flotation of the semi-submersible structure when the semi- 
submersible structure is urged downwardly in the water by the primary ligature. 
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In one embodiment of the invention the centre of flotation is above the centre of 
gravity by an amount sufficient to provide a righting moment acting through the 
centre of flotation for returning the semi-submersible structure to its equilibrium 
flotation state. Preferably, the centre of flotation is above the centre of gravity of the 

5 semi-submersible structure by an amount so that the righting moment acting through 
the centre of flotation is sufficient for returning the semi-submersible structure to its 
equilibrium flotation state when the semi-submersible structure has tilted from its 
equilibrium flotation state with its main central axis lying outside a vertical cone angle 
not exceeding 1 2°. Advantageously, the centre of flotation is above the centre of 

10 gravity of the semi-submersibie structure by an amount so that the righting moment 
acting through the centre of flotation is sufficient for returning the semi-submersible 
structure to its equilibrium flotation state when the semi-submersible structure has 
tilted from its equilibrium flotation state with its main central axis lying outside a 
vertical cone angle not exceeding 8''. Ideally, the centre of flotation is above the 

15 centre of gravity of the semi-submersible structure by an amount so that the righting 
moment acting through the centre of flotation is sufficient for returning the semi- 
submersible structure to its equilibrium flotation state when the semi-submersible 
structure has tilted from its equilibrium flotation state with its main central axis lying 
outside a vertical cone angle not exceeding 5**. 

20 

In one embodiment of the invention a communicating opening in the lower end of the 
semi-submersible structure is provided to the primary buoyancy chamber for 
accommodating the primary ligature into the primary buoyancy chamber. Preferably, 
the primary connecting means is located in the primary buoyancy chamber. 
25 Advantageously, the primary connecting means is located at the top dead centre of 
the primary buoyancy chamber. Ideally, the communicating opening is adapted for 
accommodating water therethrough into and out of the primary buoyancy chamber 
for altering the buoyancy of the semi-submersible structure. 

30 In one embodiment of the invention the diameter of the communicating opening to 
the primary buoyancy chamber is such that the semi-submersible structure engages 
the primary ligature at the communicating opening when the semi-submersible 
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Structure tilts for causing the semi-submersible structure to tilt about the primary 
ligature adjacent the communicating opening. 

In another embodiment of the invention the diameter of the communicating opening 
5 is slightly greater than the diameter of the primary ligature for accommodating water 
into and out of the primary buoyancy chamber past the primary ligature. 

In one embodiment of the invention a communicating port is provided to the primary 
buoyancy chamber for facilitating delivery of a buoyancy medium to and exhausting 
10 the buoyancy medium from the primary buoyancy chamber for altering the buoyancy 
of the semi-submersible structure. Preferably, the communicating port is adapted for 
accommodating air into and from the primary buoyancy chamber. 

In one embodiment of the invention a ballast receiving means is provided, in the 
15 semi-submersible structure for receiving ballast for ballasting the semi-submersible 
structure and for altering the buoyancy of the semi-submersible structure. 
Advantageously, the ballast receiving means extends circumferentially around the 
main central axis. Preferably, the ballast receiving means is radially spaced apart 
from the main central axis. Ideally, the ballast receiving means comprises a ballast 
20 chamber. 

In one embodiment of the invention a plurality of ballast chambers are located 
around the main central axis. 

25 In another embodiment of the invention a means is provided for flooding each ballast 



In a further embodiment of the invention the ballast receiving means comprises a 
ballast engaging means for receiving ballast members. Preferably, the ballast 
30 engaging means is located beneath the ballast chambers. 



chamber. 



In another embodiment of the invention a secondary buoyancy chamber is located 
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above the primary buoyancy chamber and is isolated from the primary buoyancy 
chamber. Preferably, the secondary buoyancy chamber extends above the 
waterline of the semi-submersible structure when the semi-submersible structure is 
freely floating. Advantageously, the secondary buoyancy chamber is located to be 
5 below the waterline when the semi-submersible structure is urged downwardly in the 
water by the primary ligature. 

In one embodiment of the invention a plurality of secondary connecting means are 
provided for connecting respective secondary ligatures extending in a generally 
10 downwardly direction from the semi-submersible structure for further anchoring the 
semi-submersible structure and for limiting movement of the semi-submersible 
structure from its equilibrium flotation state, the secondary connecting means being 
spaced apart circumferentially around the main central axis of the semi-submersible 
structure and radially therefrom. 

15 

In another embodiment of the invention the secondary connecting means connect 
the respective secondary ligatures to the semi-submersible structure with the 
secondary ligatures extending in a generally downwardly direction to corresponding 
secondary anchorages in the sea bed. Preferably, the secondary connecting means 
20 are equi-spaced apart circumferentially around the main central axis of the semi- 
submersible structure. Advantageously, the respective secondary connecting 
means are located on a common pitch circle. 

In one embodiment of the invention the respective secondary connecting means are 
25 located adjacent a periphery of the semi-submersible structure. 

In another embodiment of the invention the respective secondary connecting means 
are located adjacent an outer periphery of the semi-submersible structure. 



30 



In another embodiment of the invention each secondary connecting means 
comprises a resilient mounting for resiliently connecting the corresponding 
secondary ligature to the semi-submersible structure for damping oscillating 
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movement of the semi-submersible structure from its equilibrium flotation state about 
the vertical. Preferably, each resilient mounting means comprises a compression 
spring carrying a mounting member for securing the corresponding secondary 
ligature thereto so that upward movement of the semi-submersible structure 
5 adjacent the resilient mounting means causes compression of the compression 
spring. 

In another embodiment of the invention a plurality of auxiliary connecting means are 
provided for connecting respective auxiliary ligatures to the semi-submersible 

10 structure for further anchoring and stabilising the semi-submersible structure, the 
auxiliary connecting means being located at spaced apart intervals circumferentially 
around the main central axis of the semi-submersible structure and radially spaced 
apart therefrom. Preferably, the auxiliary connecting means connect the respective 
auxiliary ligatures to the semi-submersible structure with the auxiliary ligatures 

15 extending in a generally downwardly, radially outward direction to corresponding 
auxiliary anchorages in the sea bed. Advantageously, the respective auxiliary 
connecting means are equi-spaced apart circumferentially around the main central 
axis of the semi-submersible structure. 

20 In one embodiment of the invention the respective auxiliary connecting means are 
located on a common pitch circle. Advantageously, the respective auxiliary 
connecting means are located adjacent a periphery of the semi-submersible 
structure. Preferably, the respective auxiliary connecting means are located 
adjacent an outer periphery of the semi-submersible structure. 

25 

In one embodiment of the invention the respective auxiliary connecting means are 
provided for connecting the corresponding auxiliary ligatures to the semi- 
submersible structure with the auxiliary ligatures extending in a generally 
downwardly radially outward direction from the semi-submersible structure. 

30 

In another embodiment of the invention the respective auxiliary connecting means 
are provided for connecting the auxiliary ligatures to the semi-submersible structure 
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With the respective auxiliary ligatures extending from the semi-submersible structure 
at an angle to the vertical in the range of I** to 89^ Preferably, the respective 
auxiliary connecting means are provided for connecting the auxiliary ligatures to the 
semi-submersible structure with the respective auxiliary ligatures extending from the 
5 semi-submersible structure at an angle to the vertical in the range of 60* to 80°. 
Advantageously, the respective auxiliary connecting means are provided for 
connecting the auxiliary ligatures to the semi-submersible structure with the 
respective auxiliary ligatures extending from the semi-submersible structure at an 
angle to the vertical of approximately 70°. 

10 

In one embodiment of the invention the auxiliary connecting means are located 
towards the bottom of the semi-submersible structure. 

In another embodiment of the invention the auxiliary connecting means are located 
15 for connecting the respective auxiliary ligatures to the semi-submersible structure so 
that the auxiliary ligatures define a cathenary. 

In a further embodiment of the invention the respective auxiliary connecting means 
are located at a level above the respective secondary connecting means, 

20 

In one embodiment of the invention an auxiliary buoyancy chamber extends around 
the secondary buoyancy chamber. 

Preferably, the transverse cross-section of the semi-submersible structure when 
25 viewed in plan adjacent the average wave height when the semi-submersible 

structure is urged downwardly in the water by the primary ligature is relatively narrow 
for minimising resistance to waves. 

In one embodiment of the invention the semi-submersible structure comprises the 
30 primary ligature. 

In another embodiment of the invention the semi-submersible structure comprises 
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the secondary ligatures. 

In a further embodiment of the invention the semi-submersible structure comprises 
the auxiliary ligatures. 

5 

In a still further embodiment of the invention a component chamber is located in the 
semi-submersible structure for accommodating an electrical generator and/or control 
apparatus for the electrical generator. Preferably, the component chamber is 
located between the primary and secondary buoyancy chambers. 

10 

In one embodiment of the invention the mounting means for mounting the mast on 
the semi-submersible structure is located above the wateriine of the semi- 
submersible structure. Preferably, the mounting means for mounting the mast on 
the semi-submersible structure is located above the wateriine of the semi- 
15 submersible structure when the semi-submersible structure is urged downwardly by 
the primary ligature in the water. 

In another embodiment of the invention the mast is mounted on the semi- 
submersible structure. Preferably, the wind turbine is mounted on the mast, and 
20 preferably, the wind turbine is mounted on the top of the mast. In one embodiment 
of the invention the wind turbine is a horizontal axis wind turbine. Alternatively, the 
wind turbine is a vertical axis wind turbine. 

Further the invention provides a floatable structure for locating a wind turbine 
25 offshore, the floatable structure comprising a semi-submersible structure having a 
primary buoyancy chamber, and comprising a mounting means located thereon for 
mounting a mast extending upwardly therefrom for carrying the wind turbine thereon, 
the semi-submersible structure defining a main geometric central axis and being 
floatable in an equilibrium flotation state with the main central axis extending 
30 generally vertically, and at least two secondary connecting means spaced apart 
circumferentiaily around the main central axis and radially therefrom for connecting 
the semi-submersible structure to respective corresponding secondary ligatures 
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extending generally downwardly from the semi-submersible structure for anchoring 
the semi-submersible structure and for urging the semi-submersible structure 
downwardly in the water against an upwardly directed buoyancy force acting on the 
semi-submersible structure for raising the centre of flotation of the semi-submersible 
5 structure for in turn increasing the righting moment acting on the semi-submersible 
structure for returning the semi-submersible structure to its equilibrium flotation state. 

In one embodiment of the invention a plurality of the secondary connecting means 
are provided for connecting a plurality of the respective secondary ligatures 

10 extending in a generally downwardly direction from the semi-submersible structure 
for further anchoring the semi-submersible structure, the secondary connecting 
means being spaced apart circumferentially around the main central axis of the 
semi-submersible structure and radially therefrom. Preferably, the secondary 
connecting means are equi-spaced apart circumferentially around the main central 

15 axis of the semi-submersible structure. Advantageously, the respective secondary 
connecting means are located on a common pitch circle. 

In one embodiment of the Invention the respective secondary connecting means are 
located adjacent a periphery of the semi-submersible structure. Preferably, the 
20 respective secondary connecting means are located adjacent an outer periphery of 
the semi-submersible structure. 

In one embodiment of the invention each secondary connecting means comprises a 
resilient mounting for resiliently connecting the corresponding secondary ligature to 

25 the semi-submersible structure for damping oscillating movement of the semi- 
submersible structure from its equilibrium flotation state about the vertical. 
Preferably, each resilient mounting means comprises a compression spring canying 
a mounting member for securing the corresponding secondary ligature thereto so 
that upward movement of the semi-submersible structure adjacent the resilient 

30 mounting means causes compression of the compression spring. 

In one embodiment of the invention each secondary connecting means connects the 
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corresponding secondary ligature to the semi-submersible structure with the 
secondary ligature extending in a generally downwardly direction to corresponding 
secondary anchorage in the sea bed. 

In another embodiment of the invention a plurality of auxiliary connecting means are 
provided for connecting respective auxiliary ligatures to the semi-submersible 
structure for further anchoring the semi-submersible structure, the auxiliary 
connecting means being located at spaced apart intervals circumferentially around 
the main central axis of the semi-submersible structure and radially spaced apart 
therefrom. 

Advantageously, the respective auxiliary connecting means are equi-spaced apart 
circumferentially around the main central axis. Ideally, the respective auxiliary 
connecting means are located on a common pitch circle. Preferably, the respective 
auxiliary connecting means are located adjacent a periphery of the semi-submersible 
structure. Preferably, the respective auxiliary connecting means are located 
adjacent an outer periphery of the semi-submersible structure. 

In one embodiment of the Invention the auxiliary connecting means are provided for 
connecting the corresponding auxiliary ligatures to.the semi-submersible structure 
with the auxiliary ligatures extending in a generally downwardly, radially outward 
direction from the semi-submersible structure. 

In a further embodiment of the invention the respective auxiliary connecting means 
are provided for connecting the auxiliary ligatures to the semi-submersible structure 
with the respective secondary ligatures extending from the semi-submersible 
structure at an angle to the vertical in the range of r to 89°. Preferably, the 
respective auxiliary connecting means are provided for connecting the auxiliary 
ligatures to the semi-submersible structure with the respective auxiliary ligatures 
extending from the semi-submersible structure at an angle to the vertical in the 
range of 60'' to 80°. Advantageously, the respective auxiliary connecting means are 
provided for connecting the auxiliary ligatures to the semi-submersible structure with 
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the respective secondary ligatures extending from the semi-submersible structure at 
an angle to the vertical of approximately 70*. 

In one embodiment of the invention the auxiliary connecting means are located 
5 towards the bottom of the semi-submersible structure. In another embodiment of the 
invention the auxiliary connecting means are located for connecting the respective 
auxiliary ligatures extending from the semi-submersible structure to define a 
cathenary. 

10 In one embodiment of the invention each auxiliary connecting means connects the 
corresponding auxiliary ligature to the semi-submersible structure to extend in a 
generally downwardly radially outward direction to a corresponding auxiliary 
anchorage in the sea bed. 

15 In another embodiment of the invention the semi-submersible structure comprises 
the secondary ligatures. In a further embodiment of the Invention the semi- 
submersible structure comprises the auxiliary ligatures. 

Further the invention provides a wind power energy converter for converting wind 
20 energy to usable power comprising the semi-submersible structure. according to the 
invention, the semi-submersible structure being anchored by the primary ligature 
extending in a generally downwardly direction, and being urged downwardly in the 
water by the primary ligature against the upward direction of the buoyancy force 
acting on the semi-submersible structure, for raising the centre of flotation of the 
25 semi-submersible structure for in turn increasing the righting moment acting on the 
semi-submersible structure for returning the semi-submersible structure to its 
equilibrium flotation state, a mast extending upwardly from the semi-submersible 
structure, 9nd a wind turbine mounted on the mast for providing usable power. 



30 



In one embodiment of the invention an electrical generator is operably coupled to the 
wind powered turbine for generating electricity. 
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The invention also provides a wind fann comprising a plurality of wind energy 
converters according to the invention for converting wind energy to usable energy, 
the wind energy converters being located at spaced apart intervals offshore. 

in one embodiment of the invention the wind energy converters are located in a 
plurality of spaced apart rows, each row comprising a plurality of wind energy 
converters. 

In another embodiment of the invention the wind energy converters of alternate rows 
are offset from the wind energy converters of their adjacent rows. 

In a further embodiment of the invention the wind energy converters of alternate 
rows are located substantially halfway between the wind energy converters of their 
adjacent rows in an offset state. 

Preferably, the rows of wind energy converters are equi-spaced apart from each 
other. 

The advantages of the invention are many. A particularly important advantage of the 
invention is that the floatable structure according to the invention permits the location 
of wind turbines and wind energy converters offshore in relatively deep water, and 
thus such wind turbines and wind energy converters may be located well offshore, 
and in particular, out of sight from the shoreline. 

A further advantage of the floatable structure according to the invention is that it 
provides a particularly stable structure on which to mount a wind turbine. By virtue 
of the fact that the structure is urged downwardly in the water by a primary ligature 
against the upwardly directed buoyancy force acting on the semi-submersible 
structure, the centre of flotation of the semi-submersible structure is raised, and this 
in turn increases the righting moment on the semi-submersible structure for returning 
the semi-submersible structure to its equilibrium flotation state in the event that it tilts 
from the vertical from its equilibrium flotation state. By ensuring that the centre of 
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flotation is above the centre of gravity, the resultant of the moments acting through 
the centre of gravity and through the centre of flotation is a righting moment for 
righting the semi-submersible structure back into its equilibrium flotation state. By 
urging the semi-submersible structure downwardly in the water by the primary 
5 ligature so that the primary connecting means for connecting the primary ligature to 
the semi-submersible structure is located between the centre of flotation and the 
centre of gravity the resultant of the moments acting through the centre of gravity 
and the centre of flotation is a righting moment for returning the semi-submersible 
structure to its equilibrium flotation state. 

10 

By locating the primary connecting means for the primary ligature on the main 
central axis of the semi-submersible structure which extends through the centre of 
gravity and the centre of flotation, a particularly stable structure is provided. 

15 Other advantages of the invention are achieved by providing the secondary 

connecting means for connecting the secondary ligatures to the semi-submersible 
structure, and a particular advantage is achieved by resiliently connecting the 
secondary ligatures to the secondary connecting means in that the resilient 
connections tend to damp oscillating movement of the semi-submersible structure 

20 about a vertically extending axis. The provision of the auxiliary ligatures further 
facilitates in stabilising the semi-submersible structure. 

A further advantage of the invention is provided by the provision of the 
communicating port and the communicating opening to and from the primary 

25 buoyancy chamber in that pumping air, typically, compressed air into the primary 
buoyancy chamber for expelling water from the primary buoyancy chamber for 
varying the buoyancy of the semi-submersible structure is facilitated. This has 
particular advantages when it is desired to tow the structure to a wind farm, and also 
has an important advantage as will be described below for facilitating urging of the 

30 semi-submersible structure downwardly in the water by the primary ligature. 



The provision of the ballast receiving means, and in particular, the provision of 
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ballast chambers facilitates ballasting of the semi-submersible structure with 
ballasting material, for example, sand pumped from the sea bed into the respective 
ballast chambers after the semi-submersible structure has been towed to the wind 
farm. Indeed, it is envisaged that in certain cases where it is desired to increase the 
5 buoyancy of the semi-submersible structure, for example, after it has been urged 
downwardly in the water by the primary ligature, the ballast material in the ballast 
chambers may be pumped out or otherwise removed. 

The invention will be more clearly understood from the following description of some 
10 preferred embodiments thereof, which are given by way of example only, with 
reference to the accompanying drawings, in which: 



15 



Fig. 1 is a partly cross-sectional side elevational view of a wind powered 
generator according to the inviention comprising a floatable structure also 
according to the invention, 



Fig. 2 Is an enlarged partly cross-sectional side elevational view of the wind 
powered generator of Fig. 1, 



20 



Fig. 3 is a cross-sectional side elevational view of a portion of the floatable 
structure of Fig. 1 , 



Fig. 4 is a cross-sectional side elevational view of another portion of the 
floatable structure of Fig. 1 , 



25 



Fig. 5 is a side elevational view of a plurality of wind powered generators 
illustrated located in a wind farrp, 



30 



Fig. 6 is a plan view of the wind powered generators of Fig. 5, 

Fig. 7 is a schematic diagram of the semi-submersible structure, in use, 
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Fig. 8 is a partly cross-sectional side elevational view of a wind powered 
generator according to another embodiment of the Invention, 

Fig. 9 is an underneath plan view of the wind powered generator of Fig, 8, and 

5 

Fig. 10 is a transverse cross-sectional view of a detail of the wind powered 
generator of Fig. 8. 

Referring to the drawings and initially to Figs. 1 to 4, there is illustrated a wind 
10 energy converter according to the invention for converting wind energy to usable 
power, which in this embodiment of the invention is a wind powered generator 
indicated generally by the reference numeral 1 for converting wind energy to 
electrical power. The wind powered generator 1 comprises a floatable structure also 
according to the invention indicated generally by the reference numeral 2 for locating 
15 a wind turbine 3 offshore in relatively deep water. The floatable structure 2 

comprises a semi-submersible structure 5, and a mast 6 extends upwardly from the 
semi-submersible structure 5 for carrying the wind turbine 3. In this embodiment of 
the invention the wind turbine 3 is a horizontal axis wind turbine, and is of a type 
which will be well known to those skilled in the art. 

20- 

The semi-submersible structure 5 comprises a main housing 9 formed by an outer 
shell 10 which defines a hollow interior region 11 which is subdivided into a plurality 
of chambers as will be described below. The outer shell 3 is of substantially bell 
shape and defines a vertically extending main geometric central axis 12 of the semi- 

25 submersible structure 5, when viewed in plan is of circular cross-section. A 

transversely extending top wall 14 extends across the hollow interior region 1 1 and 
is sealably secured to the outer shell 10 and defines with a portion of the outer shell 
10 and a side wall 5 a primary buoyancy chamber 16, The side wall 15 is of inverted 
frusto-conical shape and extends downwardly inwardly from the outer shell 10 to 

30 which it is sealably secured for forming the primary buoyancy chamber 16. An 

annular base 17 extending inwardly from the outer shell 10 at the bottom thereof to 
the side wall 15 defines with the outer shelMO and the side wall 15 a ballast 
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receiving means, namely, a ballast chamber 19 which extends around the primary 
buoyancy chamber 16 for receiving ballast material for ballasting the semi- 
submersible structure 5. A plurality of equi-spaced apart radially extending panels 
21 extend between the side wall 15, portion of the outer shell 10 and the base 17 for 
5 dividing the ballast chamber 19 into a plurality of ballast chamber compartments. 

The base 17 defines a communicating opening 20 to the primary buoyancy chamber 
16 for admitting water into the primary buoyancy chamber 16 for compressing air 
therein to a pressure of the adjacent water when the semi-submersible structure 5 is 
10 semi-submerged as will be described below. The communicating opening 20 also 
accommodates water being displaced from the primary buoyancy chamber 16 by 
compressed air which is pumped into the primary buoyancy chamber 16 as will be 
described below for increasing the buoyancy of the semi-submersible structure 5. 

15 A primary connecting means comprising a primary connecting bracket 22 is mounted 
on the top wall 14 in the top dead centre of the primary buoyancy chamber 16 on the 
main central axis 12 for connecting a primary ligature, namely, a primary anchor 
cable 23 to the semi-submersible structure 5. The primary anchor cable 23 extends 
vertically downwardly from the primary connecting bracket 22 through the primary 

20 buoyancy chamber 16 and in turn through the communicating opening 20 to a 
primary anchorage 24 on the sea bed 25. see Fig. 5. The diameter of the 
communicating opening 20 and that of the primary anchor cable 23 is such as to 
accommodate water through the communicating opening 20. 

25 A winching mechanism (not shown) is provided in conjunction with the primary 
anchor cable'23 for winching the semi-submersible structure 5 downwardly in the 
water by the primary anchor cable 23. against the upwardly directed buoyancy force 
which acts on the semi-submersible structure 5. By so winching the semi- 
submersible structure downwardly in the water the centre of flotation 26, see Fig. 7, 

30 of the semi-submersible structure 5 is raised, for in turn increasing the righting 
moment on the semi-submersible structure 5 for returning the semi-submersible 
structure 5 to its equilibrium flotation state in the event that the semi-submersible 
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Structure 5 has tilted through an angle a from the vertical from its equilibrium flotation 
state. The centre of flotation 26 and the centre of gravity 27 of the semi-submersible 
structure 5 lie on the main central axis 12. In this embodiment of the invention the 
semi-submersible structure 5 is appropriately ballasted so that the centre of gravity 

5 27 of the combination of the semi-submersible structure 5, the wind turbine 3 and the 
mast 6 are located below the primary connecting bracket 22, and when the semi- 
submersible structure 5 is urged downwardly in the water by the primary anchor 
cable 23 the centre of flotation of the semi-submersible structure 5 is located above 
' the primary connecting bracket 22, see Fig. 7. This, thus, causes the resultant 

10 turning moment of the turning moment acting through the centre of gravity 27 in the 
direction of the arrow A and the turning moment acting through the centre of flotation 
26 in the direction of the arrow B to be a righting turning moment acting through the 
centre of flotation 26, for urging the semi-submersible structure into Its equilibrium 
flotation state in the event that the structure has tilted through the angle a from the 

15 vertical from its equilibrium flotation state. In this embodiment of the invention the 
semi-submersible structure is urged downwardly in the water sufficiently so that the 
resultant righting moment acting on the semi-submersible structure 5 through the 
centre of flotation is sufficient to return the semi-submersible structure 5 to Its 
equilibrium flotation state once the semi-submersible structure 5 has tilted with its 

20 main central axis inclined to the vertical at the angle a of not more than 6^ In other 
words, the resultant righting moment acting on the semi-submersible structure is 
such as to maintain the semi-submersible structure with its main central axis 12 
within a cone angle 2a around the vertical not exceeding 12''. Although preferably, 
the semi-submersible structure 5 is urged downwardly in the water sufficiently so that 

25 the resulting righting moment maintains the semi-submersible structure 5 with its 
main central axis 12 within a cone angle 2a not exceeding 5°. 

It will of course be appreciated that the further the semi-submersible structure 5 tilts 
from its equilibrium flotation state about the vertical, in other words the greater the 
30 angle a the greater will be the righting moment acting through the centre of flotation, 
thereby ensuring rapid return of the semi-submersible structure to its equilibrium 
flotation state. 
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Additionally, the communicating opening 20 is of sufficiently small diameter so that 
when the semi-submersible structure 5 has tilted through a relatively small angle, 
typically, not more than S*" from the vertical, the base 17 engages the primary anchor 
5 cable 23 which thereby causes the semi-submersible structure 5 to tend to pivot 
about the primary anchor cable 23 adjacent the communicating opening 20 which 
further assists in increasing the resultant righting moment for returning the semi- 
submersible structure to its equilibrium flotation state. 

10 Reinforcing struts 31 extend between the outer shell 10 and the primary connecting 
bracket 22 for supporting and reinforcing the primary connecting bracket 22, 

A plurality of auxiliary connecting means, namely, six auxiliary connecting brackets 
28 are located at equi-spaced apart intervals circumferentially around the outer 

15 periphery of the outer shell 10 at the lower end thereof, for connecting corresponding 
auxiliary ligatures, namely, auxiliary anchoring cables 29 to the semi-submersible 
structure 5 for further stabilising and anchoring the semi-submersible structure 5. 
The auxiliary anchor cables 29 extend from the corresponding auxiliary connecting 
brackets 28 in a general downwardly, radially outward direction to auxiliary 

20 anchorages 30 located in the sea bed 25. The auxiliary anchorages 30 are spaced 
apart a considerable radial distiance from the main central axis 12 so that the 
auxiliary anchor cables 29 extend from the auxiliary connecting brackets 28 
downwardly at an angle of approximately 70° to the vertical, and then extend in a 
cathenary to the corresponding auxiliary anchorage 30. 

25 

A secondary buoyancy chamber 34 is formed by the outer shell 1 0 and a 
transversely extending wall 35 which sealably engages the outer shell 10. The 
secondary. buoyancy chamber 34 extends upwardly from the wail 35 to a 
transversely extending top wall 36 which closes the secondary buoyancy chamber 
30 34 above the waterline of the semi-submersible structure 2 when the semi- 
submersible structure 2 has been urged downwardly in the water by the primary 
anchor cable 23. In certain cases since the wall 36 is above the waterline of the 
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semi-submersible structure 5, the wall 36 may be omitted. Typically, the secondary 
buoyancy chamber 34 contains air. The provision of the secondary buoyancy 
chamber 34 tends to further rise the centre of buoyancy of the semi-submersible 
structure 5, and in turn its centre of flotation 26, 

5 

The wall 35 defines with the top wall 14 and a portion of the outer shell 10 a 
component chamber 37 for accommodating an electrical generator 39, which is 
illustrated in block representation only for generating electricity. A transmission 
means, namely, a drive transmission shaft 40 extends downwardly through the mast 
10 6 from the wind turbine 3 to the electrical generator 39 for driving the generator 39. 
The component chamber 37 also acts as a buoyancy chamber. A control panel (not 
shown) and other control equipment (also not shown) for controlling the electrical 
generator 39 is also located in the component chamber 37. 

15 A communicating port 41 through the top wall 14 permits compressed air to be 
pumped into the primary buoyancy chamber 16 for increasing the buoyancy of the 
semi-submersible structure 5 after the semi-submersible structure 5 has been urged 
downwardly in the water by the primary anchor cable 23. A compressor (not shown) 
is located in the component chamber 37 for compressing the air to be delivered into 

20 the primary buoyancy chamber 16 through the communicating port 41 . Suitable 
valving is provided in the communicating port 41 for facilitating sealing of the primary 
buoyancy chamber 16, and also for facilitating exhausting air from the primary 
buoyancy chamber 16 should it be desired to reduce the buoyancy of the semi- 
submersible structure 5. 

25 

The ballast receiving means also comprises a plurality of ballast engaging means, 
namely, ballast mounting brackets 42 for releasably mounting ballast members 43 to 
the base 1.7 of the semi-submersible structure 5 for increasing ballast of the semi- 
submersible structure 5. The ballast members 43 are solid slabs of suitable 
30 ballasting material, for example, lead, concrete, cast iron or the like. 

A main mounting means comprising a mounting flange 45 extends around the semi- 
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submersible structure 5 at the top of the main housing 9 for receiving and abutting a 
corresponding mounting flange 46 of the mast 6. Screws or other suitable fasteners 
are provided for securing the respective mounting flanges 45 and 46 together. 

The semi-submersible structure 5 according to this embodiment of the invention may 
be of any suitable or desirable material, for example, it may be of concrete, steel, 
plastics material, fibreglass material, or indeed any other suitable or desirable 
material. It is, however, envisaged that it may be formed of cast iron sections which 
would be sealably secured together in order to form the outer shell 10 and the 
respective walls 14, 15, 35 and 36, as well as the base 17. 

The outer shell 10 tapers upwardly so that the transverse cross-section of the main 
housing 9 adjacent the waterline of the semi-submersible structure 5 when the semi- 
submersible structure 5 has been urged downwardly by the primary anchor cable 23 
is relatively narrow for minimising resistance to passing waves. 

Referring now to Figs, 5 and 6, there is illustrated a portion of a wind farm also 
according to the invention indicated generally by the reference numeral 50. The 
wind farm 50 comprises a plurality of the wind powered generators 1 according to 
the invention which are an^anged jn a plurality of parallel equi-spaced apart rows 51. 
The wind powered generators 1 of alternate rows 51 are staggered relative to those 
of their respective adjacent rows 51 , and as can be seen, the wind powered 
generators 1 of alternate rows 51 are located substantially halfway between the wind 
powered generators 1 of their respective adjacent rows 51 . The primary anchorage 
24 of each semi-submersible structure 5 acts as the auxiliary anchorage 30 for 
respective wind powered generators 1 which are spaced apart by one. wind powered 
generator 1 from the wind powered generator of which the primary anchorage 24 is 
acting as the auxiliary anchorage 30. The wind farm 50 may comprise any number of 
wind powered generators 1 , however, typically, it is envisaged that a wind farm 
would contain up to two hundred and fifty wind powered generators 1 which would 
typically be arranged in fifty rows 51, where each row 51 contains fifty wind powered 
generators 1 . 
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Stabilising cables 52 extend from the auxiliary anchor cables 29 to the primary 
anchorage 24 for stabilising the auxiliary anchor cables 29. 

5 In order to set up a wind farm 50 of the type illustrated in Figs. 5 and 6, the sea bed 
is initially prepared and primary anchorages 24 are located at appropriately spaced 
apart positions for anchoring the wind powered generators 1 . Auxiliary anchorages 
30 are also provided for the wind powered generators 1 on the periphery of the wind 
farm 50 and also for those wind powered generators 1 one in from the periphery. 

10 The anchorages 24 and 30 may be any suitable anchorages, and typically, will be 
formed by drilling into the sea bed 25, and filling the holes drilled into the sea bed 
with cast concrete, epoxy resin, or other suitable materials. Suitable anchorage 
brackets would be cast into the concrete or other cast material for connecting to the 
primary and auxiliary anchor cables 23 and 29. However, in certain cases it is 

15 envisaged that the primary and auxiliary anchor cables 23 and 29 may be cast 
directly into the drilled holes by a suitable castable material, for example, concrete 
and in certain cases, epoxy resin. 

After the primary and auxiliary anchorages 24 and 30 have been located and 
20 secured in the sea bed 25 the floatable structures 2 with the masts 6 and wind 
turbines 3 assembled thereto are floated by towing out to the location of the wind 
farm 50. During towing of the wind powered generators 1 to the location of the wind 
farnn 50 typically, the primary buoyancy chambers 6 of the respective semi- 
submersible structures 5 are partially filled with air, and if necessary, ballast may be 
25 added to the semi-submersible stmctures 5 by either pumping ballast, for example, 
sea sand, into the ballast chambers 19 or securing ballast members 43 to the semi- 
submersible structure 5. However, during towing of the wind powered generators 1 
to the location of the wind farm 50, the buoyancy and ballasting of the semi- 
submersible structure 5 is such that the centre of flotation of the semi-submersible 
30 structure 1 and its centre of gravity lie on the main central axis 12 and the centre of 
flotation is located above the centre of gravity. 
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When towed to the location of the wind farm 50, the wind powered generators 1 are 
aligned with their respective corresponding primary anchorages 24. The primary 
anchor cables 23 are connected to the primary connecting brackets 22, and lowered 
downwardly to the primary anchorages 24 and secured thereto. In order to reduce 

5 the buoyancy of the semi-submersible structures 5 to facilitate winching of the semi- 
submersible structures 5 downwardly in the water, the primary buoyancy chambers 
16 are evacuated of air through the communicating ports 41, thus admitting water 
into the primary buoyancy chambers 16 through the communicating openings 20. 
Added ballast may be added to the semi-submersible structures 5 by, for example, 

10 pumping sand into the ballast compartments of the ballast chambers 19, and/or 

attaching further ballast members 23 to the ballast mounting brackets 42. The winch 
mechanisms (not shown) of the respective primary anchor cables 23 of the 
respective semi-submersible structures 5 are then operated for urging the semi- 
submersible structures 5 downwardly in the water for in turn raising the centre of 

15 flotation of the semi-submersible structures 5 and in turn of the wind powered 

generators 1 . After the semi-submersible structures 5 have been urged sufficiently 
downwardly in the water, compressed air is pumped into the primary buoyancy 
chamber 16 of each of the semi-submersible structures 5 for displacing water 
through the communicating opening 20 for increasing the buoyancy of the structures 

20 5. Some of the ballast, for example, the sand which had been pumped into the 
compartments of the ballast chamber 19, may be removed, or some or all of the 
ballast members 43 may be removed for further increasing the buoyancy of each of 
the wind powered generator 1 , and thus further raising its centre of flotation 26. The 
auxiliary anchor cables 29 are next attached to the auxiliary connecting brackets 28 

25 and in turn to the auxiliary anchorages 30 for further anchoring the respective semi- 
submersible structures 5. 

At this stage the wind powered generators 1 are ready for use, and electrical cables 
from the electrical generators 39 are run along the sea bed to a land based control 
30 station for connection into an onshore mains electricity supply network, or for 
otherwise distributing the electrical power. 
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In use, each semi-submersible structure 5 is anchored and stabilised by the primary 
anchor cable 23 and the auxiliary anchor cables 29. By virtue of the fact that the 
primary anchor cable 23 extends downwardly from the wind powered generator 1 
and urges the semi-submersible structure 5 downwardly against the normal upward 

5 buoyancy force acting on the semi-submersible structure 5, the centre of flotation 26 
of the semi-submersible structure 5, and in turn the centre of flotation 26 of the 
combined semi-submersible structure 5, the wind turbine 3 and the mast 6 is 
significantly raised, thereby increasing the resultant righting moment acting on the 
semi-submersible structure 5 should the semi-submersible structure 5 tilt with its 

10 main central axis 12 tilted from the vertical. Indeed, as already discussed, the semi- 
submersible structure 5 of each wind powered generator 1 is urged sufficiently 
downwardly in the water so that the resultant righting moment acting on the semi- 
submersible structure 5 maintains the seml-submerslble structure 5 with its main 
central axis 12 within a cone angle of 2a which does not exceed 12**, and preferably 

15 does not exceed 5°. 

Indeed, the further the semi-submersible structure 5 is urged downwardly in the 
water, the higher the centre of flotation Is urged, and its distance from the centre of 
gravity is likewise increased. This, thus, further increases the righting moment acting 
20 on the semi-submersjble structure 5 for returning the semhsubmersible structure 5 to 
its equilibrium flotation state in the event of it tilting therefrom from the vertical. 

Additionally, as well as the righting moment acting through the centre of flotation for 
returning the semi-submersible structure 5 to its equilibrium flotation state, the 
25 provision of the auxiliary anchor cables further provide a righting moment for righting 
the semi-submersible structure 5, 

In practice.it is envisaged that the mast 6 will be of length in the range of 50 metres 
to 100 metres. The height of the semi-submersible structure 5 from the base 17 to 
30 the mounting flange 45 will be in the range of 50 metres to 100 metres. The outer 
diameter of the semi-submersible structure 5 adjacent the mounting flange 45 will 
typically be in the range of 4 metres to 5 metres, and the outer diameter of the semi- 
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submersible structure 5 adjacent the base 5 will be in the range of 25 metres to 35 
metres. Ideally, the outer diameter of the main housing 9 adjacent the waterline will 
be in the range of 5 metres to 6 metres. 

5 It is envisaged that typically, the volume of the primary buoyancy chamber 16 \n\\\ be 
in the order of 3,500 cubicmetres, while the volume of the secondary buoyancy 
chamber 34 will be in the order of 1 00 cubicmetres. The total volume of the ballast 
chamber 19 will be in the order of 13,500 cubicmetres, which may be partially or 
completely filled with ballast, such as, for example, sea sand or alternatively some or 

10 all of the compartments of the ballast chamber 19 may be flooded. 

The weight of ballast and the buoyancy of the semi-submersible structure 5 will 
depend on the amount of tension to be induced in the primary anchor cable 23, The 
effective length of the primary anchor cable 23 of each semi-submersible structure 5 

15 will depend on the depth of water and the amount by which the semi-submersible 
structure 5 is to be urged downwardly In the water. The length of the auxiliary 
anchor cables 29 will also be a function of the depth of water, however, in general, it 
is envisaged that the auxiliary anchor cables 29 and the auxiliary anchorages 30 will 
be located so that the auxiliary anchor cables 29 will extend from the auxiliary 

20 connecting bracl<ets 28 at an angle of approximately 50** to 75** to the vertical and 
will then proceed in the form of a cathenary to the auxiliary anchorages 30. 

Referring now to Figs. 8 to 10. there is illustrated a wind powered generator 
according to another embodiment of the invention indicated generally by the 

25 reference numeral 60. The wind powered generator 60 is substantially similar to the 
wind powered generator 1 and similar components are identified by the same 
reference numerals. Additionally, the. wind powered generator 60 is also suitable for 
locating in .the wind farm 50. The main difference between the wind powered 
generator 60 and the wind powered generator 1 is in the construction of the main 

30 housing 9, and in addition to the primary and auxiliary anchor cables 23 and 29, 
respectively, secondary ligatures, namely, secondary anchor cables 62 are also 
provided for further anchoring and stabilising the semi-submersible structure 5, and 
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for damping oscillating movement of the semi-submersible structure 5 about the 
vertical axis. 

In this embodiment of the invention an outwardly extending base flange 63 extends 

5 outwardly from the base 17 of the semi-submersible structure 5 for facilitating 
connecting of the secondary anchor cables 62 to the semi-submersible structure 5. 
Twelve secondary anchor cables 62 are provided, and twelve corresponding 
secondary connecting means, namely, twelve secondary connecting brackets 65 are 
located oh the base flange 63 at equi-spaced apart intervals circumferentially around 

10 the outer periphery of the semi-submersible structure 5. Each secondary connecting 
bracket 65 is resiliently mounted to the base flange 63 by a compression spring 66 
for facilitating resilient mounting of the corresponding secondary anchor cable 62 to 
the semi-submersible structure 5 for damping oscillating movement of the semi- 
submersible structure 5 about the vertical, see Fig. 10. Bores 68 through the base 

15 flange 63 accommodate the secondary anchor cables 62 to the secondary 

connecting brackets 65. Accordingly, as the base flange 63 adjacent a secondary 
connecting bracket 65 commences to move upwardly as the semi-submersible 
structure 5 tilts from the vertical, the corresponding compression spring 66 is 
compressed for damping the upward movement, and in turn for damping the tilting 

20 movement of the semi-submersible structure 5. 

The secondary anchor cables 62 extend vertically downwardly from the secondary 
connecting brackets 65 to corresponding secondary anchorages 69 in the sea bed 
25. Winching mechanisms (not shown) are provided in conjunction with the 
25 secondary anchor cable 62 for facilitating tightening of the secondary anchor cable 
62 after the primary anchor cable 23 has been winched for urging the semi- 
submersible structure 5 downwardly in the water so that the compression springs 66 
are just bgrely compressed when the semi-submersible structure 5 is in its 
equilibrium flotation state. 



30 



In addition to the primary and secondary buoyancy chambers 16 and 34, 
respectively, auxiliary buoyancy chambers 70 are provided around the primary and 
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secondary buoyancy chambers 16 and 34 for further increasing the buoyancy of the 
semi-submersible structure 5. 

Additionally, in this embodiment of the invention the communicating opening 20 is of 
5 considerably larger diameter than that of the semi-submersible structure 5 of the 
wind powered generator 1, and in this embodiment of the invention the base 17 does 
not bear on the primary anchor cable 23 during normal tilting of the semi- 
submersible structure 5 about the vertical. 

10 The wind powered generator 60 according to this embodiment of the invention is 
particularly suitable for use in relatively shallow waters. The provision of the 
secondary anchor cables 65 are particularly suitable for minimising tilting of the 
semi-submersible structure 5 where the amount by which the semi-submersible 
structure 5 can be urged downwardly in the water by the primary anchor cable is 

15 limited by virtue of the water depth. 

OthePA^ise the wind powered generator 60 according to this embodiment of the 
invention is similar to the wind powered generator 1 , as is its operation. 

20 Typically, the outer diameter of the main housing 9 of the wind powered generator 
60 adjacent the waterline is approximately 6 metres. The outer diameter of the main 
housing 9 adjacent the base 17 Is approximately 30 metres. The overall height of 
the semi-submersible structure 5 from the base 17 to the mounting flange 45 is 
typically 20 metres, while the height of the mast 6 is of the order of 80 metres. In 

25 this embodiment of the invention it is envisaged that the mast 6 will be of length in 
the range of 50 metres to 100 metres. The height of the semi-submersible structure 
5 from the base 17 to the mounting flange 45 will be in the range of 50 metres to 100 
metres.. The outer diameter of the semi-submersible structure 5 adjacent the 
mounting flange 45 will typically be in the range of 4 metres to 5 metres, and the 

30 outer diameter of the semi-submersible structure 5 adjacent the base 5 will be in the 
range of 25 metres to 35 metres. Ideally, the outer diameter of the main housing 9 
adjacent the waterline will be in the range of 5 metres to 6 metres. 
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It IS envisaged that typically, the volume of the primary buoyancy chamber 16 will be 
in the order of 3,500 cubicmetres, while the volume of the secondary buoyancy 
chamber 34 will be in the order of 100 cubicmetres. The total volume of the ballast 
5 chamber 19 will be in the order of 13,500 cubicmetres, which may be partially or 
completely filled with ballast, such as, for example, sea sand or alternatively some or 
all of the compartments of the ballast chamber 19 may be flooded. 

It is envisaged that an air separation plant for separating carbon from air may be 
10 located in the component chamber or elsewhere, and would be driven by the turbine. 
Needless to say, It will be appreciated that the compressor may be driven directly by 
the turbine or may be electrically powered by the electrical generator. 

While the semi-submersible structure of the wind powered generator 1 has been 
15 described as having a relatively small communicating opening into the primary 
buoyancy chamber, it is envisaged that the opening into the primary buoyancy 
chamber of the wind powered generator 1 may be of relatively large diameter, and it 
is envisaged that the primary buoyancy chamber of the semi-submersible structure 
of the wind powered generator 1 may be of similar shape and construction to that of 
20 the wind powered generator 60. 

It is also envisaged that in certain cases the semi-submersible structure of the wind 
powered generator 1 may be provided with secondary anchor cables substantially 
similar to those described with reference to the wind powered generator 60. 

25 

While the wind powered generators have been described as comprising horizontal 
axis turbines, the turbines may be vertical axis turbines. It is also envisaged that 
instead of.generating electricity, the wind energy converters according to the 
invention may be adapted for converting wind energy to any other suitable usable 
30 fonn of energy. 
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Claims 

1 . A method for locating a wind turbine (3) offshore characterised in that the 
method comprises the steps of locating the wind turbine (3) on a mast (6) extending 
upwardly from a floatable semi-submersible structure (5), anchoring the semi- 

5 submersible structure (5) by a primary ligature (23) extending in a generally 

downwardly direction from the semi-submersible structure (5), and urging the semi- 
submersible structure (5) downwardly in the water by the primary ligature (23) below 
its normal flotation level against an upwardly directed buoyancy force acting on the 
semi-submersible structure (5) for raising the centre of flotation (26) of the semi- 

10 submersible structure (5) for in turn increasing the righting moment acting on the 
semi-submersible structure (5) for returning the semi-submersible structure (5) to its 
equilibrium flotation state. 

2. A method as claimed in Claim 1 characterised in that the semi-submersible 
15 structure (5) is anchored by the primary ligature (23) to a primary anchorage (24) in 

the sea bed (25). 

3. A method as claimed in Claim 1 or 2 characterised in that the semi- 
submersible structure (5) defines a main central geometric axis (12), which extends 

20 vertically when the semi-submersible structure (5) is in its equilibrium flotation state, 
and the primary ligature (23) is connected to the semi-submersible "structure (5) on 
the main central axis (12). 

4. A method as claimed in Claim 3 characterised in that the primary ligature (23) 
25 coincides with the main central axis (12) of the semi-submersible structure (5). 

5. A method as claimed in any preceding claim characterised in that the semi- 
submersible structure (5) is urged downwardly by the primary ligature (23) so that 
the centre of flotation (26) is above the centre of gravity (27) of the semi-submersible 

30 structure (5). 

6. A method as claimed in any preceding claim characterised in that the semi- 
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submersible structure (5) is urged downwardly by the primary ligature (23) so that 
the centre of flotation (26) is above the centre of gravity (27) of the combined semi- 
submersible structure (5), the mast (6) and the wind turbine (3). 

7. A method as claimed in any preceding claim characterised in that the semi- 
submersible structure (5) is urged downwardly by the primary ligature (23) so that 
the relative position of the centre of flotation (26) and the centre of gravity (27) is 
such as to provide a sufficient righting moment acting through the centre of flotation 
(26) for returning the semi-submersible structure (5) to its equilibrium flotation state. 

8. A method as claimed in Claim 7 characterised in that the semi-submersible 
structure (5) is urged downwardly by the primary ligature (23) so that the righting 
moment acting through the centre of flotation (26) for returning the semi-submersible 
structure (5) to its equilibrium flotation state is sufficient for returning the semi- 
submersible structure (5) to its equilibrium state on the semi-submersible structure 
(5) tilting to an extent that the main central axis (12) of the semi-submersible 
structure falls outside a vertically extending cone angle not greater than 12**. 

9. A method as claimed in Claim 8 characterised in that the cone angle does not 
exceed 8**. 

1 0. A method as claimed in Claim 8 characterised in that the cone angle does not 
exceed 5**. 

11. A method as claimed in any preceding claim characterised in that the semi- 
submersible structure (5) is urged downwardly by the primary ligature (23) so that 
the point of connection (22) at which the primary ligature (23) is connected to the 
semi-submersible structure (5) lies between the centre of flotation (26) and the 
centre of gravity (27) of the semi-submersible structure (5). 



12. A method as claimed in any preceding claim characterised in that the semi- 
submersible structure (5) is further anchored by a plurality of secondary ligatures 
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(62) extending in a generally downwardly direction from the semi-submersible 
structure (5) for limiting movement of the semi-submersible structure (5) from its 
equilibrium flotation state, the secondary ligatures (62) being spaced apart 
circumferentially around and radially from the main central axis (12). 



13. A method as claimed in Claim 12 characterised in that the secondary 
ligatures (62) are equi-spaced apart circumferentially around the main central axis 



10 14. A method as claimed in Claim 12 or 13 characterised in that each secondary 
ligature (62) is anchored to the sea bed (25) by a corresponding secondary 
anchorage (69). 

15. A method as claimed in any of Claims 12 to 14 characterised in that each 
15 secondary ligature (62) is resiliently connected to one of the semi-submersible 

structure (5) and the sea bed (25) for damping movement of the semi-submersible 
structure (5) from its equilibrium flotation state. 

16. A method as claimed in Claim 15 characterised in that each secondary 
20 ligature (62) is resiliently connected to the semi-submersible structure (5). 

17. A method as claimed in any of Claims 12 to 16 characterised in that at least 
three secondary ligatures (62) are provided. 

25 18, A method as claimed in any of Claims 12 to 17 characterised in that at least 
four secondary ligatures (62) are provided. 

19. A method as claimed in any of . Claims 12 to 18 characterised in that the 
secondary ligatures (62) are connected to the semi-submersible structure (5) at 
30 connection points on a common pitch circle. 



5 



(12). 



A niethod as claimed in any of Claims 12 to 19 characterised in that the 




• 



WO02/l()iS«9 



PCT/IEO 1/00097 



36 



secondary ligatures (62) are connected to the semi-submersible structure (5) 
adjacent a periphery thereof. 

21 . A method as claimed in any of Claims 12 to 20 characterised in that the 
5 secondary ligatures (23) are connected to the semi-submersible structure (5) 

adjacent an outer periphery thereof. 

22. A method as claimed in any preceding claim characterised in that the semi- 
submersible structure (5) is further anchored by a plurality of auxiliary ligatures (29) 

10 connected to the semi-submersible structure (5) at locations (28) spaced apart 

circunriferentially around the main central axis (12), the respective auxiliary ligatures 
(29) extending in a generally downwardly, radially outwardly direction of the semi- 
submersible structure (5). 

15 23. A method as claimed in Claim 22 characterised in that the respective 

auxiliary ligatures (29) are connected to the semi-submersible structure (5) at equi- 
spaced apart auxiliary locations circumferentially around the main central axis (12). 

24. A method as claimed in Claim 22 or 23 characterised in that each auxiliary 
20 ligature (29) extends downwardly, radially outwardly from the semi-submersible 

structure (5) at an angle to the vertical in the range of 1° to 89° and continues in a 
cathenary towards a corresponding radially outwardly spaced apart auxiliary 
anchorage (30) in the sea bed (25) spaced apart radially outwardly from the primary 
anchorage (24). 

25 

25. A method as claimed in Claim 24 characterised in that each auxiliary ligature 
(29) extends downwardly, radially outwardly from the semi-submersible structure (5) 
at an angle to the vertical in the range of 60° to 80°. 



30 



26. A method as claimed in Claim 25 characterised in that each auxiliary ligature 
(29) extends downwardly, radially outwardly from the semi-submersible structure (5) 
at an angle to the vertical of approximately 70°. 
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27. A method as claimed in any of Claims 22 to 26 characterised in that the 
auxiliary ligatures (29) are connected to the semi-submersible structure at 
connection points (28) on a common pitch circle. 

28. A method as claimed in any of Claims 22 to 27 characterised in that the 
auxiliary ligatures (29) are connected to the semi-submersible structure (5) adjacent 
a periphery thereof. 

29. A method as claimed In any of Claims 22 to 29 characterised in that the 
auxiliary ligatures (29) are connected to the semi-submersible structure (5) adjacent 
an outer periphery thereof. 

30. A method as claimed in any preceding claim characterised in that a primary 
buoyancy chamber (16) is located in the semi-submersible structure (5), the primary 
buoyancy chamber (16) defining a central geometric axis coinciding with the main 
central axis (12) of the semi-submersible structure (5). 

31. A method as claimed in Claim 30 characterised in that the primary ligature 
(23) extends into the primary buoyancy chamber (16) and is connected to the semi- 
submersible structure (5) within the primary buoyancy chamber (16). 

32. A method as claimed in Claim 30 or 31 characterised in that a communicating 
opening (20) is provided in the bottom of the semi-submersible structure (5) to the 
primary buoyancy chamber (16) for accommodating the primary ligature (23) into the 
primary buoyancy chamber (16). 

33. A method as claimed in any of Claims 30 to 32 characterised in that the 
primary ligature (23) is connected to the semi-submersible structure (5) in the 
primary buoyancy chamber (16) at the top dead centre (22) of the primary buoyancy 
chamber (16). 
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34. A method as claimed in any of Claims 30 to 33 cliaracterised in that 
compressed air is pumped into the primary buoyancy chamber (16) for expelling 
water therefrom through the communicating opening (20) for increasing the 
buoyancy of the semi-submersible structure (5). 

5 

35. A method as claimed in any preceding claim characterised in that ballast is 
applied to the semi-submersible structure for ballasting the semi-submersible 
structure (5). 

10 36. A method as claimed in Claim 35 characterised in that the ballast is applied 
to the lower end of the semi-submersible structure (5). 

37. A method as claimed in Claim 35 or 36 characterised in that the ballast is 
applied clrcumferentially around the main central axis (12). 

15 

38. A method as claimed in any of Claims 35 to 37 characterised in that the 
ballast is radially spaced apart from the main central axis (12). 

. 39. A method as claimed in any preceding claim characterised in that the mast 
20 . (6) defines a geometric central axis," and is mounted on the semi-submersible 
structure (5) with its central axis coinciding with the central axis of the semi- 
submersible structure- (5). 

40. A method as claimed in any preceding claim characterised in that the turbine 
25 (3) is mounted on top of the mast (5). 

41 . A method as claimed in any preceding claim characterised in that the turbine 
(3) is a horizontal axis turbine. 



30 



42. A method as claimed in any of Claims 1 to 41 characterised in that the 
turbine (3) is a vertical axis turbine. 
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43. A method as claimed in any preceding claim characterised in that the turbine 
(3) drives an electrical generator (39) for generating electricity. 

44. A method as claimed in Claim 43 characterised in that the electrical 
5 generator (39) is located adjacent the turbine (3). 

45. A method as claimed in Claim 43 characterised in that the electrical 
generator (39) is located in the semi-submersible structure (5), and a drive 
transmission means (40) is provided between the turbine (3) and the electrical 

10 generator (39). 

46. A floatable structure (2) for carrying and locating a wind turbine (3) offshore, 
the floatable structure (2) comprising a semi-submersible structure (5) having a 
primary buoyancy chamber (16), and comprising a mounting means (22) located 

15 thereon for mounting a mast (6) extending upwardly therefrom for carrying the wind 
turbine (3) thereon, and a primary connecting means (22) for connecting a primary 
ligature (23) to the semi-submersible structure (5) with the primary ligature (23) 
extending in a generally downwardly direction therefrom for anchoring the semi- 
submersible structure (5) and for urging the semi-submersible structure (5) 

20 downwardly, in the water against an upwardly directed buoyancy force acting thereon 
for raising the centre of flotation (26) of the semi-submersible structure (5) for in turn 
increasing the righting moment acting on the semi-submersible structure (5) for 
returning the semi-submersible structure to its equilibrium flotation state. 

25 47, A floatable structure as claimed in Claim 46 characterised in that the semi- 
submersible structure (5) defines a main central geometric axis (12) which extends 
vertically when the semi-submersible structure (5) is in its equilibrium flotation state, 
and the primary connecting means (22) is located on the main central axis (12) of 
the semi-submersible structure (5). 

30 

48. A floatable structure as claimed in Claim 46 or 47 characterised in that the 
primary connecting means (22) connects the primary ligature (23) to the semi- 
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submersible structure (5) to extend in a generally downwardly direction to a primary 
anchorage (24) in the sea bed (25). 

49. A floatable structure as claimed in any of Claims 46 to 48 characterised in 

5 that the centre of gravity (27) of the semi-submersible structure (5) is located so that 
when the semi-submersible structure (5) is urged downwardly by the primary ligature 
(23) the centre of flotation (26) is above the centre of gravity (27). 

50. A floatable structure as claimed in any of Claims 46 to 49 characterised in 
10 that the centre of gravity (27) of the semi-submersible structure (5) is below the 

centre of flotation of the semi-submersible structure (5) when the semi-submersible 
structure (5) Is freely floating. 

51 . A floatable structure as claimed in any of Claims 46 to 50 characterised in 

15 that the centre of gravity (27) and the centre of flotation (26) of the semi-submersible 
structure (5) lie on the main central axis (12) of the semi-submersible structure. 

52. A floatable structure as claimed in any of Claims 46 to 51 characterised in 
that the primary connecting means (22) Is located intermediate the centre of gravity 

20 (27) and the centre of flotation (26) of the semi-submersibje structure when the semi- 
submersible structure (5) is urged downwardly in the water by the primary ligature 
(23). 

53. A floatable structure as claimed in any of Claims 46 to 52 characterised in 
25 that the centre of flotation (26) is above the centre of gravity (27) by an amount 

sufficient to provide a righting moment acting through the centre of flotation (26) for 
returning the semi-submersible structure (5) to its equilibrium flotation state. 

54. A floatable structure as claimed in Claim 53 characterised in that the centre 
30 of flotation (26) is above the centre of gravity (27) of the semi-submersible structure 

(5) by an amount so that the righting moment acting through the centre of flotation 
(26) is sufficient for returning the semi-submersible structure (5) to its equilibrium 
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flotation state when the semi-submersible structure (5) has tilted from its equilibrium 
flotation state with its main central axis (12) lying outside a vertical cone angle not 
exceeding 12**. 

5 55. A floatable structure as claimed in Claim 54 characterised in that the centre 
of flotation (26) is above the centre of gravity (27) of the semi-submersible structure 
(5) by an amount so that the righting moment acting through the centre of flotation 
(26) is sufficient for returning the semi-submersible structure (5) to its equilibrium 
flotation state when the semi-submersible structure (5) has tilted from its equilibrium 

10 flotation state with its main central axis (12) lying outside a vertical cone angle not 
exceeding 8". 

56. A floatable structure as claimed in Claim 55 characterised In that the centre 
of flotation (26) is above the centre of gravity (27) of the semi-submersible structure 

15 (5) by an amount so that the righting moment acting through the centre of flotation 
(26) is sufficient for returning the semi-submersible structure (5) to its equilibrium 
flotation state when the semi-submersible structure (5) has tilted from its equilibrium 
flotation state with its main central axis (12) lying outside a vertical cone angle not 
exceeding 5**. 

20 

57. A floatable structure as claimed in any of Claims 46 to 56 characterised in 
that a communicating opening (20) in the lower end of the semi-submersible 
structure (5) is provided to the primary buoyancy chamber (16) for accommodating 
the primary ligature (23) into the primary buoyancy chamber (16). 

25 

58. A floatable structure as claimed in Claim 57 characterised in that the primary 
connecting means (22) is located in the primary buoyancy chamber (16). 

59. A floatable structure as claimed in Claim 57 or 58 characterised in that the 
30 primary connecting means (22) is located at the top dead centre of the primary 

buoyancy chamber (16). 
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60. A floatable structure as claimed in any of Claims 57 to 59 characterised in 
that the communicating opening (20) is adapted for accommodating water 
therethrough into and out of the primary buoyancy chamber (16) for altering the 
buoyancy of the semi-submersible structure (5). 

5 

61 . A floatable structure as claimed in any of Claims 57 to 60 characterised in 
that the diameter of the communicating opening (20) to the primary buoyancy 
chamber (1 6) is such that the semi-submersible structure (5) engages the primary 
ligature (23) at the communicating opening (20) when the semi-submersible 

10 structure (5) tilts for causing the semi-submersible structure (5) to tilt about the 
primary ligature (23) adjacent the communicating opening (20). 

62. A floatable stmcture as claimed in any of Claims 57 to 61 characterised in 
that the diameter of the communicating opening (20) is slightly greater than the 

15 diameter of the primary ligature (23) for accommodating water into and out of the 
primary buoyancy chamber (16) past the primary ligature (20). 

63. A floatable structure as claimed in any of Claims 46 to 62 characterised in 
that a communicating port (41) is provided to the primary buoyancy chamber (16) for 

20 facilitating delivery of a buoyancy medium to and exhausting the buoyancy medium 
from the primary buoyancy chamber (1 6) for altering the buoyancy of the semi- • 
submersible structure (5), 

64. A floatable structure as claimed in Claim 63 characterised in that the 

25 communicating port (20) is adapted for accommodating air into and from the primary 
buoyancy chamber (16). 

65. A floatable structure as claimed in any of Claims 46 to 64 characterised in 
that a ballast receiving means (19, 42) is provided in the semi-submersible structure 

30 (5) for receiving ballast for ballasting the semi-submersible structure (5) and for 
altering the buoyancy of the semi-submersible structure (5). 
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66. A floatable structure as claimed in Claim 65 characterised in that the ballast 
receiving means (19, 42) extends circumferentially around the main central axis (12), 

67. A floatable structure as claimed in Claim 65 or 66 characterised in that the 
5 ballast receiving means (19, 42) is radially spaced apart from the main central axis 



68. A floatable structure as claimed in any of Claims 65 to 67 characterised in 
that the ballast receiving means (19, 42) comprises a ballast chamber (19). 

10 

69. A floatable structure as claimed in Claim 68 characterised in that a plurality of 
ballast chambers (19) are located around the main central axis (12). 

70. A floatable structure as claimed in any of Claims 65 to 69 characterised in 
15 that a means is provided for flooding each ballast chamber (19). 

71 . A floatable structure as claimed in any of Claims 65 to 70 characterised in 
that the ballast receiving means (19. 42) comprises a ballast engaging means (42) 
for receiving ballast members (43). . 



72. A floatable structure as* claimed in Claim 71 characterised in that the ballast 
engaging means (42) is located beneath the ballast chambers (19). 

73. A floatable structure as claimed in any of Claims 46 to 72 characterised in 
25 that a secondary buoyancy chamber (34) is located above the primary buoyancy 

chamber (16) and is isolated from the primary buoyancy chamber (16). 

74. A floatable structure as claimed in Claim 73 characterised in that the 
secondary buoyancy chamber (34) extends above the waterline of the semi- 

30 submersible structure (5) when the semi-submersible structure is freely floating. 



(12). 



20 



75. 



A floatable structure as claimed in Claim 73 or 74 characterised in that the 
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secondary buoyancy chamber (34) is located to be below the waterline when the 
semi-submersible structure (5) is urged downwardly in the water by the primary 
ligature (23), 

5 76. A floatable structure as claimed in any of Claims 46 to 75 characterised in 
that a plurality of secondary connecting means (65, 66) are provided for connecting 
respective secondary ligatures (62) extending in a generally downwardly direction 
from the semi-submersible structure (5) for further anchoring the semi-submersible 
structure (5) and for limiting movement of the semi-submersible structure (5) from its 

10 equilibrium flotation state, the secondary connecting means (65, 66) being spaced 
apart circumferentially around the main central axis (12) of the semi-submersible 
structure (5) and radially therefrom. 

77. A floatable structure as claimed in Claim 76 characterised in that the 
15 secondary connecting means (65, 66) connect the respective secondary ligatures 
(62) to the semi-submersible structure (5) with the secondary ligatures (62) 
extending in a generally downwardly direction to corresponding secondary 
anchorages (69) in the sea bed (25). 

20 78. A floatable structure as claimed in Claim 76 or 77 characterised in that the 
secondary connecting means (65, 66) are equi-spaced apart circumferentially 
around the main central axis (1 2) of the semi-submersible structure (5). 

79. A floatable structure as claimed in any of Claims 76 to 78 characterised in 
25 that the respective secondary connecting means (65, 66) are located on a common 

pitch circle. 

80. A floatable structure as claimed in any of Claims 76 to 79 characterised in 
that the respective secondary connecting means (65, 66) are located adjacent a 

30 periphery of the semi-submersible structure (5). 



81. 



A floatable structure as claimed in any of Claims 76 to 80 characterised in 
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that the respective secondary connecting means (65, 66) are located adjacent an 
outer periphery of the semi-submersible structure (5). 

82. A floatable structure as claimed in any of Claims 76 to 81 characterised in 
5 that each secondary connecting means (65, 66) comprises a resilient mounting (66) 
for resiliently connecting the corresponding secondary ligature (62) to the semi- 
submersible structure (5) for damping oscillating movement of the semi-submersible 
structure (5) from its equilibrium flotation state about the vertical. 

10 83. A floatable structure as claimed in Claim 82 characterised in that each 
resilient mounting means (66) comprises a compression spring (66) carrying a 
mounting member (65) for securing the corresponding secondary ligature (62) 
thereto so that upward movement of the semi-submersible structure (5) adjacent the 
resilient mounting means causes compression of the compression spring (66). 

15 

84. A floatable structure as claimed in any of Claims 46 to 83 characterised in 
that a plurality of auxiliary connecting means (28) are provided for connecting 
respective auxiliary ligatures (29) to the semi-submersible structure (5) for further 
anchoring and stabilising the semi-submersible structure (5), the auxiliary connecting 

20 means (28) being located at spaced apart intervals circumferentially around the main 
central axis (12) of the semi-submersible structure (15) and radially spaced apart 
therefrom. 

85. A floatable structure as claimed in Claim 84 characterised in that the auxiliary 
25 connecting means (28) connect the respective auxiliary ligatures to the semi- 
submersible structure (5) with the auxiliary ligatures (29) extending in a generally 
downwardly, radially outward direction to corresponding auxiliary anchorages (30) in 
the sea bed (25). 

30 86. A floatable structure as claimed in Claim 84 or 85 characterised in that the 
respective auxiliary connecting means (28) are equi-spaced apart circumferentially 
around the main central axis (12) of the semi-submersible structure (5). 
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87. A floatable structure as claimed in any of Clainns 84 to 86 characterised in 
that the respective auxiliary connecting means (28) are located on a common pitch 
circle. 

88. A floatable structure as claimed in any of Claims 84 to 87 characterised in 
that the respective auxiliary connecting means (28) are located adjacent a periphery 
of the semi-submersible structure (5). 

89. A floatable structure as claimed in any of Claims 84 to 88 characterised in 
that the respective auxiliary connecting means (28) are located adjacent an outer 
periphery of the semi-submersible structure (5). 

90. A floatable structure as claimed in any of Claims 84 to 87 characterised in 
that the respective auxiliary connecting means (28) are provided for connecting the 
corresponding auxiliary ligatures (29) to the semi-submersible structure (5) with the 
auxiliary ligatures (29) extending in a generally downwardly radially outward direction 
from the semi-submersible structure (5). 

91 . A floatable structure as claimed in any of Claims 84 to 90 characterised in 
that the respective auxiliary connecting means (28) are provided for connecting the 
auxiliary ligatures (29) to the semi-submersible structure (5) with the respective 
auxiliary ligatures (29) extending from the semi-submersible structure (5) at an angle 
to the vertical in the range of r to 89^ 

92. A floatable structure as claimed in Claim 91 characterised in that the 
respective auxiliary connecting means (28) are provided for connecting the auxiliary 
ligatures (29) to the semi-submersible structure (5) with the respective auxiliary 
ligatures (29) extending from the semi-submersible structure (5) at an angle to the 
vertical in the range of 60^ to 80^ 

93. A floatable structure as claimed in Claim 92 characterised in that the 
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respective auxiliary connecting means (28) are provided for connecting the auxiliary 
ligatures (29) to the semi-submersible structure (5) with the respective auxiliary 
ligatures extending from the semi-submersible structure at an angle to the vertical of 
approximately 70**. 

94. A floatable structure as claimed in any of Claims 84 to 93 characterised in 
that the auxiliary connecting means (28) are located towards the bottom of the semi- 
submersible structure (5). 

95. A floatable structure as claimed in any of Claims 84 to 94 characterised in 
that the auxiliary connecting means (28) are located for connecting the respective 
auxiliary ligatures (29) to the semi-submersible structure (5) so that the auxiliary 
ligatures define a cathenary. 

96. A floatable structure as claimed in any of Claims 84 to 95 characterised in 
that the respective auxiliary connecting means (28) are located at a level above the 
respective secondary connecting means (65. 66). 

97. A floatable structure as claimed in any of Claims 46 to 96 characterised in 
that an auxiliary buoyancy chamber (70) extends around the secondary buoyancy 
chamber (34). 

98. A floatable structure as claimed in any of Claims 46 to 97 characterised in 
that the transverse cross-section of the semi-submersible structure (5) when viewed 
in plan adjacent the average wave height when the semi-submersible structure (5) is 
urged downwardly in the water by the primary ligature is relatively narrow for 
minimising resistance to waves. 

99. A floatable structure as claimed in any of Claims 46 to 98 characterised in 
that the semi-submersible structure (5) comprises the primary ligature (23). 



100. 



A floatable structure as claimed in any of Claims 46 to 99 characterised in 
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that the semi-submersible structure (5) comprises the secondary ligatures (62). 

101. A floatable structure as claimed in any of Claims 46 to 1 00 characterised in 
that the semi-submersible structure (5) comprises the auxiliary ligatures (29). 

5 

102. A floatable structure as claimed in any of Claims 46 to 101 characterised in 
that a component chamber (37) is located in the semi-submersible structure (5) for 
accommodating an electrical generator (39) and/or control apparatus for the 
electrical generator. 

10 

103. A floatable structure as claimed in Claim 102 characterised in that the 
component chamber (37) is located between the primary and secondary buoyancy 
chambers (16, 34). 

15 104. A floatable structure as claimed in any of Claims 46 to 103 characterised in 
that the mounting means (45) for mounting the mast (6) on the semi-submersible 
structure (5) is located above the waterline of the semi-submersible structure (5). 

105. A floatable structure as claimed in any of Claims 46 to 104 characterised in 
20 that the mounting means (45) for mounting the mast (6) on the semi-submersible 
structure (5) is located above the waterline of the semi-submersible structure (5) 
when the semi-submersible structure is urged downwardly by the primary ligature 
(23) in the water. 

25 106. A floatable structure as claimed in any of Claims 46 to 105 characterised in 
that the mast (6) is mounted on the semi-submersible structure (5). 

107. A floatable structure as claimed in Claim 106 characterised in that the wind 
turbine (3) is mounted on the mast (6). 

30 



108. A floatable structure as claimed in Claim 106 or 107 characterised in that the 
wind turbine (3) is mounted on the top of the mast (6). 
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109. A floatable structure as claimed in any of Claims 46 to 108 characterised in 
that the wind turbine (3) is a horizontal axis wind turbine. 

5 110. A floatable structure as claimed in any of Claims 46 to 108 characterised in 
that the wind turbine (3) is a vertical axis wind turbine. 

111. A floatable structure for locating a wind turbine (3) offshore, the floatable 
structure comprising a semi-submersible structure (5) having a primary buoyancy 

10 chamber (16), and comprising a mounting means (45) located thereon for mounting 
a mast (6) extending upwardly therefrom for carrying the wind turbine (3) thereon, 
the semi-submersible structure (5) defining a main geometric central axis (12) and 
being floatable in an equilibrium flotation state with the main central axis (12) 
extending generally vertically, and at least two secondary connecting means (65, 66) 

15 spaced apart circumferentially around the main central axis (12) and radially 
therefrom for connecting the semi-submersible structure (5) to respective 
corresponding secondary ligatures (62) extending generally downwardly from the 
semi-submersible structure (5) for anchoring the semi-submersible structure (5) and 
for urging the semi-submersible structure (5) downwardly in the water against an 

20 upwardly directed buoyancy force acting on the semirsubmersible structure (5) for 
raising the centre of flotation (26) of the semi-submersible structure (5) for in turn 
increasing the righting moment acting on the semi-submersible structure (5) for 
returning the semi-submersible structure (5) to its equilibrium flotation state. 

25 112. A floatable structure as claimed in Claim 1 1 1 characterised in that a plurality 
of the secondary connecting means (65, 66) are provided for connecting a plurality 
of the respective secondary ligatures (62) extending in a generally downwardly 
direction from the semi-submersible structure (5) for further anchoring the semi- 
submersible structure (5), the secondary connecting means (65, 66) being spaced 

30 apart circumferentially around the main central axis (12) of the semi-submersible 
structure (5) and radially therefrom. 
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113. A floatable structure as claimed in Claim 1 11 or 1 12 characterised in that the 
secondary connecting means (65, 66) are equi-spaced apart circumferentially 
around the main central axis (12) of the semi-submersible structure (5). 

5 114. A floatable structure as claimed in any of Claims 1 1 1 to 1 13 characterised in 
that the respective secondary connecting means (65, 66) are located on a common 
pitch circle. 

115. A floatable structure as claimed in any of Claims 1 1 1 to 1 14 characterised in 
10 that the respective secondary connecting means (65, 66) are located adjacent a 

periphery of the semi-submersible structure (5). 

116. A floatable structure as claimed in any of Claims 111 to 1 1 5 characterised in 
that the respective secondary connecting means (65, 66) are located adjacent an 

15 outer periphery of the semi-submersible structure (5). 

117. A floatable structure as claimed in any of Claims 11 1 to 116 characterised in 
that each secondary connecting means (65, 66) comprises a resilient mounting (66) 
for resiliently connecting the corresponding secondary ligature (62) to the semi- 

20 submersible structure (5) for damping oscillating movement of the semi-submersible 
structure (5) from its equilibrium flotation state about the vertical. 

118. A floatable structure as claimed in Claim 117 characterised in that each 
resilient mounting means (66) comprises a compression spring (66) carrying a 

25 mounting member (65) for securing the corresponding secondary ligature (62) 

thereto so that upward movement of the semi-submersible structure (5) adjacent the 
resilient mounting means causes compression of the compression spring (66). 

119. A floatable structure as claimed in any of Claims 1 1 1 to 1 18 characterised in 
30 that each secondary connecting means (65, 66) connects the corresponding 

secondary ligature (23) to the semi-submersible structure with the secondary ligature 
(62) extending in a generally downwardly direction to corresponding secondary 
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anchorage (69) in the sea bed (25). 

120. A floatable structure as claimed in any of Claims 1 1 1 to 1 19 characterised in 
that a plurality of auxiliary connecting means (28) are provided for connecting 
5 respective auxiliary ligatures (29) to the semi-submersible structure (5) for further 
anchoring the semi-submersible structure (5), the auxiliary connecting means (28) 
being located at spaced apart intervals circumferentially around the main central axis 
(12) of the semi-submersible structure (5) and radially spaced apart therefrom, 

10 1 21 . A floatable structure as claimed in Claim 1 20 characterised in that the 

respective auxiliary connecting means (28) are equi-spaced apart circumferentially 
around the main central axis (12). 

122. A floatable structure as claimed in Claim 120 or 121 characterised in that the 
15 respective auxiliary connecting means (28) are located on a common pitch circle. 

123. A floatable structure as claimed in any of Claims 120 to 122 characterised in 
that the respective auxiliary connecting means (28) are located adjacent a periphery 
of the semi-submersible structure (5), 

20 

124. A floatable structure as claimed in any of Claims 120 to 123 characterised in 
that the respective auxiliary connecting means (28) are located adjacent an outer 
periphery of the semi-submersible structure. 

25 1 25. A floatable structure as claimed in any of Claims 1 20 to 124 characterised in 
that the auxiliary connecting means (28) are provided for connecting the 
corresponding auxiliary ligatures to the semi-submersible structure (5) with the 
auxiliary ligatures (29) extending in a generally downwardly, radially outward 
direction from the semi-submersit)le structure (5). 



30 



126. A floatable structure as claimed in any of Claims 120 to 125 characterised in 
that the respective auxiliary connecting means (28) are provided for connecting the 
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auxiliary ligatures (29) to the semi-submersible structure (5) with the respective 
secondary ligatures (29) extending from the semi-submersible structure (5) at an 
angle to the vertical in the range of r to 89°. 

127. A floatable structure as claimed in any of Claims 120 to 126 characterised in 
that the respective auxiliary connecting means (28) are provided for connecting the 
auxiliary ligatures (29) to the semi-submersible structure with the respective auxiliary 
ligatures (29) extending from the semi-submersible structure (5) at an angle to the 
vertical in the range of 60° to 80°. 

128. A floatable structure as claimed in any of Claims 120 to 127 characterised in 
that the respective auxiliary connecting means (28) are provided for connecting the 
auxiliary ligatures (29) to the semi-submersible structure (5) with the respective 
secondary ligatures (29) extending from the semi-submersible structure (5) at an 
angle to the vertical of approximately 70**. 

129. A floatable structure as claimed in any of Claims 120 to 128 characterised in 
that the auxiliary connecting means (28) are located towards the bottom of the semi- 
submersible structure (5). 

130. A floatable structure as claimed in any of Claims 120 to 129 characterised in 
that the auxiliary connecting means (28) are located for connecting the respective 
auxiliary ligatures (29) extending from the semi-submersible structure (5) to define a 
cathenary. 

131 . A floatable structure as claimed in any of Claims 120 to 130 characterised in 
that each auxiliary connecting means (28) connects the corresponding auxiliary 
ligature (29) to the semi-submersible structure to extend in a generally downwardly 
radially outward direction to a corresponding auxiliary anchorage (30) in the sea bed 



(25). 



132. 



A floatable structure as claimed in any of Claims 111 to 131 characterised in 
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that the semi-submersible structure (5) comprises the secondary ligatures (62). 

133. A floatable structure as claimed in any of Claims 111 to 132 characterised in 
that the semi-submersible structure (5) comprises the auxiliary ligatures (29). 

5 

134. A wind power energy converter for converting wind energy to usable power 
comprising the semi-submersible structure (5) as claimed in any of Claims 46 to 133, 
the semi-submersible structure (5) being anchored by the primary ligature (23) 
extending in a generally downwardly direction, and being urged downwardly in the 

10 water by the primary ligature (23) against the upward direction of the buoyancy force 
acting on the semi-submersible structure (5), for raising the centre of flotation (26) of 
the semi-submersible structure (5) for in turn increasing the righting moment acting 
on the semi-submersible structure (5) for retuming the semi-submersible structure 
(5) to its equilibrium flotation state, a mast (6) extending upwardly from the semi- 

15 submersible structure (5), and a wind turbine (3) mounted on the mast (6) for 
providing usable power. 

135. A wind energy converter as claimed in Claim 134 characterised in that an 
electrical generator (39) is operably coupled to the wind powered turbine (3) for 

20 generating electricity. 

136. A wind farm comprising a plurality of the wind energy converters as claimed 
in Claim 134 or 135 for converting wind energy to usable energy, the wind energy 
converters (1) being located at spaced apart intervals offshore. 

25 

137. A wind farm as claimed in Claim 136 characterised in that the wind energy 
converters (1) are located in a plurality of spaced apart rows (51), each row 
comprising a plurality of wind energy converters (1). 



30 



138. A wind farm as claimed in Claim 136 or 137 characterised in that the wind 
energy converters (1) of alternate rows (51) are offset from the wind energy 
converters (1) of their adjacent rows (51). 
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139. A wind farm as claimed in any of Claims 136 to 138 characterised in that the 
wind energy converters (1) of alternate rows (51) are located substantially halfway 
between the wind energy converters (1) of their adjacent rows (51) in an offset state. 

140. A wind farm as claimed in any of Claims 136 to 139 characterised in that the 
rows of wind energy converters (1) are equi-spaced apart from each other. 
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